SUMMARY Lymphoblastoid lines from nine Usher's syndrome (recessively inherited retinitis pigmentosa and congenital sensorineural deafness) patients (representing eight kindreds) and from ten Duchenne muscular dystrophy patients (representing seven kindreds) showed a small but statistically significant hypersensitivity to the lethal effects of X-rays, as measured by the cellular ability to exclude the vital dye trypan blue, when compared with lines from 26 normal control subjects. Fibroblast lines from the Usher's syndrome patients, treated with X-rays or the radiomimetic, DNA-damaging chemical N-methyl-N'-nitro-N-nitrosoguanidine, also showed a statistically significant hypersensitivity when compared to normal fibroblast lines. These findings are consistent with the possibility that defective DNA repair mechanisms may be involved in the pathogenesis of these degenerative diseases.
The term " abiotrophy" was introduced by WR Gowers in 1902 to signify the premature death of excitable tissues occurring in the absence of any histopathological evidence of the aetiology. ' Gowers included primary neuronal degenerations and the muscular dystrophies among the abiotrophies. In 1919, E Treacher Collins classified retinitis pigmentosa, with its premature degeneration of photoreceptors, as an abiotrophy.2 The concept of abiotrophy has recently been reviewed. 3 The cause of the premature death of excitable tissue in these genetic disorders has long been unknown. We have suggested that the abiotrophic degeneration of neural, retinal, and muscle cells might result from the accumulation of damaged DNA.4-'3 This DNA-damage hypothesis is based primarily on information obtained from the study of the autosomal recessive, sunlight-sensitivity disease xeroderma pigmentosum, one form of which involves a primary neuronal degeneration.4 Cultured cells from patients with xeroderma pigmentosum are hypersensitive to the lethal effects of ultraviolet radiation and ultraviolet-mimetic chemicals because of inherited defects in the repair of DNA.4 '4 Fibroblasts and lymphoblastoid lines from xeroderma pigmentosum patients with an early onset of neuronal degeneration are the most sensitive to the lethal effects of ultraviolet radiation, while cells from patients with later onset neurodegeneration or without neuronal degeneration are less sensitive.56 Cells from patients with ataxia telangiectasia, another inherited primary neuronal degeneration,'5 are hypersensitive to ionizing radiation9 14 [16] [17] [18] [19] CRL 1190  77  F  154  322  CRL 1220  15  M  132  319  CRL 1221  40  M  146  357  GM 969   2  F  143  341  GM 1652   11  F  104  302  GM 2149   54  F  127  319  3-2  18-5  GM 2987  19  M  175  409  2-5  15-0  GM 3349  10  M  125  331  2-3  13-8  GM 3468  5 days  M  141  367  3-4  18-9  GM 3651  25  F  2-6  14-6  RB 4087  55  F  3-1  16-4  RB 4436  57  F  2-3  13-6  RB 4468  30  F  2-6  14-1  RB 4470  49  M  2-7  12-5  RB 4492  69  M  3-0  15-4  RB 4494  71  F  2-8  15-4  RB 4581  33  M  2-1  12-3  RB 4582  39  F  3-0  13-8   Mean  138  342  2-8 
Survival offibroblast lines
With the exception of the two ataxia telangiectasia fibroblast lines used in the X-ray experiments, all fibroblast lines were coded so that the personnel performing and evaluating the experiments did not know the identity of the lines. There was no correlation between the post-treatment survival parameters of the fibroblast lines and either donor age or plating efficiency of the untreated lines. Fibroblast lines for X-ray treatment were cultured6 and irradiated9 as described previously. Fibroblast lines for the Nmethyl-N'-nitro-N-nitrosoguanidine experiments were cultured and treated with MNNG after the method of Scudiero20 and exactly as in the previous MNNG series I-I11.'°The serum concentrations referred to therein'0 as 10% and 20% were actually 8½/2% and 162/3%, respectively. We present here the results on all the coded normal and Usher's syndrome lines studied in MNNG series IV and V.
Fibroblast colony-forming ability after treatment was calculated by dividing the colony-forming efficiency (that is, "plating efficiency") of a line at a given treatment dose by the colony-forming efficiency of that line's untreated cells in the same experiment. If the latter was less than 1 %, the experiment was discarded. At least four colonies had to be present at a given treatment dose for tabulation. The average plating efficiency of the Usher's syndrome lines when untreated was not significantly different from that of the normal lines. Two to ten replicate experiments were performed with each cell line for X-rays, and at least four with each cell line for MNNG (except that one normal line from MNNG series V had only one experiment and another had three). In each experiment a straight line was fit to the logarithms of the colony-forming ability at all X-ray doses and at 6 ,uM and higher MNNG doses using ionising radiation and MNNG, respectively, and a group of five lymphoblastoid lines from patients with amyotrophic lateral sclerosis had normal post-X-ray survival (unpublished data).
It is important to note that the absence of hypersensitivity to the lethal effect of a specific DNA-damaging agent does not necessarily indicate that the disease in question has no inherited defect in the repair of DNA. Thus, the lymphoblastoid line tested from one member of the xeroderma pigmentosum complementation group E kindred,39 as well as the fibroblast line from the other member,40 had post-ultraviolet irradiation survival in the normal range despite the fact that this kindred has welldocumented defects in nucleotide excision repair4' and in host-cell reactivation of ultraviolet irradiated virus32 and purified viral DNA.42 Therefore, before concluding that dominantly inherited retinitis pigmentosa has no abnormal responses to DNAdamaging agents, other types of agents and tests will have to be utilised.
The presence of hypersensitivity to X-rays in the Duchenne muscular dystrophy lymphoblastoid lines (fig 1) is consistent with our finding of low post-MNNG survival in three Duchenne muscular dystrophy fibroblast lines.27 Thus, the association between hypersensitivity of fibroblasts to MNNG"' 18 20 and hypersensitivity of lymphoblastoid lines to X-rays9 1" demonstrated for neurodegenerations and for Usher's syndrome is applicable also to the Duchenne form of muscular dystrophy.
We have demonstrated in Huntington's disease,9 ' Alzheimer disease," Parkinson's disease," Usher's syndrome, and Duchenne muscular dystrophy that the hypersensitivity is specific for the ionisingradiation type of DNA-damaging agent, since there is normal survival after treatment with 254-nm ultraviolet radiation in fibroblasts and/or lymphoblastoid lines from patients with these disorders. Although the molecular basis for the in vitro 37 Robbins, Scudiero, Otsuka, Tarone et al.
hypersensitivity to X-rays and MNNG of these cells is unknown, we hypothesise that X-rays and MNNG produce their lethal effect in vitro by damaging DNA. Exposure of cells to either of these agents in vitro results in a myriad of different types of lesions in DNA.4344 Some are not lethal even if unrepaired; others are potentially lethal lesions. In normal cells a certain fraction of these potentially lethal lesions are not repaired. The fraction of these lesions not repaired by the patients' cells may be slightly higher due, perhaps, to the inability of the patients' cells to repair an infrequent type of normally repairable lesion. The resulting slight increase in the number of lethal lesions remaining in the patients' cells could cause the small (but significant) hypersensitivity we have demonstrated (figs 1 and 2; table 1). Presumably, greater differences between disease and normal cells would be evident in vitro if more selective DNA-damaging agents were used.
In vivo, the DNA of post-mitotic excitable tissue is constantly being damaged by intracellular metabolites45 and spontaneous hydrolytic reactions.46 Due to differences in the intracellular or extracellular environment,7 ' 13the types and quantities of this DNA damage would differ among different excitable tissues and between different neuronal populations.'2 13 In normal cells the damaged DNA is readily repaired, but in these diseases characterised by hypersensitivity (table 2) 
